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Kingdonia, a monotypic genus of AT. uniflora, was 
described and classified in the Ranunculaceae by 
Balfour and Smith (1914). This genus has open di¬ 
chotomous venation and even number of leaf-traces 
from one gap as Circaeaster. This type of venation is 
quite unique among angiosperms, and Diels (1932) 
emphasized a close affinity between both genera. But 
Circaeaster is distinguished from Kingdonia and 
ranunculaceous genera by many characters (Tamura 
1963). While many of the characteristics found in 
Kingdonia are common to the Ranunculaceae, and it 
is better to be included in the Ranunculaceae. 

In the Ranunculaceae, Kingdonia was usually put 
near Anemone (Janchen 1949, Tamura 1967, Kosuge, 
Pu and Tamura 1989). But Zhang (1982) suggested 
that Kingdonia was related to Copt is by short chromo¬ 
somes with the basic number 9 and double petiolar 
traces. To decide the systematic position of the genus 
in the family, karyological characters are the most 
important, but the karyotype of Kingdonia, besides 
chromosome number, was not reported yet. The pur¬ 
pose of this article is to give a more solid base for the 
phylogenetical consideration of Kingdonia by means 
of karyology with support by the data of alkaloid 
components. 

Plant materials for karyological observation were 
collected from two localities of northern Sechuan, 
China, in 1986: Gong-ga-ling, on the conifer forest 
floor, ca. 3,300 m, on 17th May; and Huang-long-si, 
on the floor of mixed forest of conifer and deciduous 
trees, ca. 3,300 m, on 18th May. The root-tips were 


(ffltt ^ a , |33ffl t# b , —p&f r°, IE5£ c , 

excised at the native habitats, and prepared according 
to the same method adopted for other Chinese plants 
(Tamura 1993). The description of chromosomes at 
interphase and mitotic prophase followed Tanaka 
(1977), and those at metaphase Levan et al. (1964). 

Plant materials for detection of alkaloids were 
collected at the same time with those for karyology in 
1986; and also on 3rd July, 1990, from Huang-long- 
si. Materials of Coptis japonica, Semiaquilegia 
adoxoides and Thalictrum minus were collected from 
Pref. Kanagawa: Mt. Yabitu in 1976, Mt. Kinugasa in 
1976 and Mt. Hakone in 1976, respectively; and those 
of Aquilegia flabellata were collected from cultiva¬ 
tion in Funahashi. 

Voucher specimens of Kingdonia uniflora (M. 
Tamura, F.-D. Pu and M. N. Tamura nos. 1059,1064, 
and M. Tamura et al. no. 400) are preserved in KYO. 

Chromosome number was counted to be 2n=18. 
The chromosome complement at mitotic metaphase 
is composed of four pairs of relatively long chromo¬ 
somes, 3.0-2.8 pm in length, three medium-sized 
pairs, 2.5-2.3 pm, and two short pairs, 1.9-1.8 pm. 
The long chromosomes are all metacentric. One pair 
of them (4th) has a secondary constriction at the 
proximal region of the short arms. One of the three 
medium-sized pairs (5th) is metacentric, another one 
(6th) submetacentric, and the remaining one (7th) 
subtelocentric. One of the two short pairs (8th) is 
metacentric, while the other (9th) is subtelocentric 
(Fig. 1C, D, Fig. 2). 

Interphase nuclei are categorized into the simple 
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Fig. 1. Microphotographs of interphase nucleus and somatic chromosomes of Kingdonia uniflora. 

A, interphase nucleus. x2,000. B, prophase chromosomes. x2,000. C, metaphase chromosomes. x2,000. 
D, chromosome complement. Bar = 2 pm. 


chromocenter type, and mitotic prophase chromo¬ 
somes show interstitial type (Fig. 1A, B). 

Collected total plants for alkaloid detection in 
1986 were brought back in dried condition. The air- 
dried materials, 946 mg, were extracted with ethanol. 
The ethanolic solution was evaporated under reduced 
pressure, and a residue of 96 mg was obtained. From 
the residue, alkaloids such as berberine and magno- 
florine were not detected by means of TLC. 



Fig. 2. Karyogram showing somatic karyotype of Kingdonia 

uniflora. 


Collected total plants in 1990 were preserved in 
ethanol for four months. From the ethanol solution, an 
amorphous material of 386 mg was obtained. The 
amorphous material was inactive for detection tests of 
alkaloids with Meyer regent and Mandalin regent. For 
isolation of alkaloids from the amorphous material 
the high-performance liquid chromatography (HPLC) 
was used, but berberine and magnoflorine were not 
isolated. Berberine and magnoflorine were easily 
detected from the above mentioned amounts of mate¬ 
rials of Aquilegia, Coptis, Semiaquilegia and 
Thalictrum. 

The somatic chromosome number of Kingdonia 
uniflora is 18 as previously reported by Zhang (1982). 
This number is the same with that of Coptis , and the 
basic number seems to be 9 as in Coptis and 
Xanthorhiza. Zhang (1982) suggested a relationship 
between Kingdonia and Coptis, but the following 
results of the present studies do not support his idea. 
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The metaphase chromosome length of Kingdonia 
ranges from 3.0 /dm to 1.8 pm, whose largest chromo¬ 
some is larger than that of any other genera with so- 
called T-type chromosomes. The chromosome length 
of Coptis japonica ranges from 2.5 p m to 2 pm and 
that of C. ramosa from 2 pm to 1.5 pm (Okada and 
Tamura 1979). The chromosomes of other T-type 
genera are further smaller than those of Coptis, e.g. in 
Thalictrum filamentosum the largest is 1.5 pm long 
and the smallest 1 pm (Okada and Tamura 1979). 
Accordingly the chromosomes of Kingdonia are 
slightly larger than those of T-type group including 
Coptis. On the other hand, the chromosomes of 
Kingdonia are usually smaller than those of genera 
with so-called R-type chromosomes. But inRanuncu- 
lus, the typical genus with R-type chromosomes, R. 
nipponicus var. major has comparatively small chro¬ 
mosomes, i.e. the largest is 3 pm long and the smallest 
1 pm long (Okada and Tamura 1979). These values 
are not different from those of Kingdonia. 

In Kingdonia interphase nuclei show simple 
chromocenter type and prophase chromosomes show 
interstitial type, as in the species of R-type group, like 
Aconitum, Anemone, Cimicifuga, Helleborus and 
Ranunculus, including R. nipponicus. While in the T- 
type group like Aquilegia, Coptis, Hydrastis, 
Semiaquilegia, Thalictrum and Xanthorhiza, inter¬ 
phase nuclei show prochromosome type and prophase 
chromosomes show proximal type. Thus Kingdonia 
is different from the T-type group including Coptis 
and rather similar to the R-type group in heterochro¬ 
matin condensation and stainability in the interphase 
nuclei and prophase chromosomes. 

Among the R-type group, the karyotype of 
Kingdonia with x=9 is unique, but it may be compa¬ 
rable with the karyotypes of Anemone and Clematis 
with x=8. For example, the chromosome pairs I, II, III, 
V, VI, VII and IX of Kingdonia resemble a, b, c, d, e, 
f and g of Anemone hupehensis var. japonica (Kurita 
1957, as Anemone nipponica). A satellite chromo¬ 


2 

some pair of Kingdonia IV seems to be correspond to 
h of Anemone, and the surplus pair VIII of Kingdonia 
to be derived by the duplication of one of metacentric 
or submetacentric chromosome pairs, I, II or V. 

It is well-known fact that the genera with T-type 
chromosomes, such as Aquilegia, Coptis, Semi¬ 
aquilegia, Thalictrum, etc., richly contain benzyliso- 
quinoline alkaloids, while genera with R-type chro¬ 
mosomes do not or hardly contain them. In the present 
study benzylisoquinoline alkaloids could not be de¬ 
tected from Kingdonia by two different ways. The 
amounts of material were enough to detect the alka¬ 
loids from species of the T-type genera. This fact also 
supports that Kingdonia is not included in the T-type 
group but in the R-type group. 

Kingdonia has small, knob-like petals which 
resemble those of Pulsatilla. The carpels produce one 
hanging ovule from the middle of the upper margin of 
well-developed adaxial wall (Kosuge, Pu and Tamura 
1989). These flower structures suggest the relation of 
Kingdonia to the group of Anemone, not to the group 
of Ranunculus. 

The present studies support the taxonomic treat¬ 
ment that Kingdonia is classified in the tribe 
Anemoneae of subfamily Ranunculoideae in the 
Ranunculaceae. 
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